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K 8843 

CChTOCTIVELY HRAMfcG A OVFTCRKRNERB OIL SHA1S 'JO 
CHELATE PERMEABILITY AND SJlfeSECO^lliV FRQECCC OIL 

This invention rolatea to reo^vp-H og oil. from & subterranean 
oil stulo by means of a ccavSuctivto heat drive prongs, itore 
particularly, tba invention relates to treating a relatively thicks 
and substantially ccrcplertaly iinp^rneable subterranean oil Rhaia by 
1 n«ans of: a. conductive boating pzcceay which both creates a 

perraaablfi *ane within a selected portion of the oi I shale and 
gubasquenttly produaaa shale oil Iiydrocarbons. 

A pernoeabUity-aidbd type at conductive ]*eat driv» far 
prtyJucjjiq oil from a subterranean nil ahal* wan invented in Sweden 

10 by F.LjUWJ6tj?uEin. That process, "Which was invented about 40 years 
ago, was conuarcially used an a grail scale in tho 19«is. It ia 
describe in Swedish Patents No&* 121,737? 123,136; 123,137; 
123,13$; 125,712 ajtf 126,674, ill United Gtatae Patent No. 
2,732,195, and in jonmaa articles such 4b: "CJndergrcwr^ Stale Oil 

1T> Pyrolysis According to the Ljungstrcam Method* , IVA Vbliro 24 

(1?53) No, 3, pacjas HA to 123, and "Net finsxgy Recoveries For The 
In Situ Rdfilectrlc UMting of Oil Shale" , Oil Shale S>Tt|503iiini 
Proceed ijugs 11, pace 111 to 330 (1978). In tho Swedish pxooaen, 
heat injection wells and fluid producing walls were completed 

70 within a permeable near-aurfaco oil shale fdimaticffi go that tJtero 
was loss than a thxea-tnetrfc separation bets^aan the boreh^lea* lt\e- 
itsat irgecticn wells were equipped with electrical or other heating 
alaiotitfi vtoich mbx* Buxccmnded by a mass of twteri&l, such as sand 
or nanent/ arranged to transmit teat into tba oil shale ^hila 

2 r y oreventijig any inflowing or outflowing of fluid. In tha oil shale 
for which tin© Swodifih prooacs wb daaignad and tested, tha 
psmeabiJity was such that. du> to a onntincnuH inflowing of ground 
water, a contwwotw parpin^-oot of water was naadsxl to avoid 
ousting energy by evaporating that water. 

30 With reapoct tn substantially conpletely Lnparm&nhle, 



relatively etaap and j^laLivcly thick oil Ghaie deposits, such as 
t}»sa vn the Piceanos J twin ill the Unites StatOe, tha poswMlity 
o£ utilizing a ooiuiucjfcive heating prooa*a fnr pxoc$t)oiix} oil was 
previously ooiisictered to be — aocordijiti to prior teAchinqi? and 
5 beliefs ~ fvrmCTTU.caLLy unfeasible. For uxcmpb*, in tha 

ahcjvf2-i<fcnti£ied Oil Shalo SyntpoBj.uitt, the Ljun^atroem ixrocoas is 
characterised cm a process which ,r . , ..fluccessiully reaownsd shale 
oil by «ntedding tubular electrical heating elaTfcnta within 
high-grate ahale deposits. This method relied on ordinary tiwnral 

It) diffusion for sh=d.e b&fttiivg , which, of course, requires largu 

tenperatAiro gradients. Titus r heating wry Mua-unifarm;_iranth£r 
wsrs required to fully netorc snail rtxxn-size blocks of nhale. 
Also, itxieh beat energy was wasted .in underrating the chala xeginn* 
beycorl the periphery of tbs xsrtarMiig ^one and overhaalorig the 

15 siialB closest to t)w. heat source. The. latter problem i« especially 
important \\\ the case of Ttostjsm shales, aince thenod tiTAirqy la 
overhoarted zones , cannot be fully recovered by di£fu-d,an duo to 
d^dothortnlc reaction,? which tafca place abovo ^bpjt 60 0 Q C," fpwja 

W I" Aubetantially iinpurcabte types of relatively thick 

efuJiterxanean oil shale formations, tha creating and maintaining of 
a pcriTOcibix; stone l-hnxjugh which ttie pyrolysis produrta can be flowed 
has been found to be a severe pruhloni. In Patent Kb. 3,068,375, 
it is fltatprl (in 00l&. 1 and 2) that '"ttiere are two iflcchartisais 

25 involved in the transport of iieat thorough the oil ah*le, Hsat is 
transferred through the aoliA rnftes of ail sthale by conduction* W« 
hcjat is alao transferred by convection tlvrough the solid trass of 
oil shale. 'Jte tranaimr ot beat by conduction 19 a relatively slew 
procxi£ij. The average thermal uonductiy i t.y and avttrogw tibenoal 

jo diff nsivity of oil ahale ara aJxjut thoss nf a fir«bric>« The matrix 
of eoljd oil shale, haa Jin fixtreoely low pflrraability much, lite 
unyl^red pcxnaftialn. As a rt?*ult, the cenvectiv* transfer of heat ic 
limits to heating by fluid f loww obtained in open channels which 
t ravers tha oil shale. r fbo*> flow channels may b» natural and 

35 artificially induced fractures. ... On heating, a layer of 
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pyrolyzwi ail shale builclg adjfeoent the channel. Hda layw; i.g an 
imrganic TTTiJi-ral neitrix which contain* vraryirjg ctegroes of carton, 
ilie layer ia an ever-expanding barrier to Ijeat flew front the 
heating fluid in the channal." The patent is directed to a proceHB 
for circulating heated oil fcJrala-pyrolyeing fluid thrrwgh a flow 
channel) while adding abrasive particles 1X3 tXtt circulating *luid to 
erode the layer of pymiyzed oil shale being formed adjacent to tlio 
chumci. 

Although the thermal conductivity and thonml diffimivifcy of 
nany subterranean oil ahales are, in fact, relatively similar to 
Chose of unglaxed porcelain and firefcrick, US Patent No 3,237,689 
pestuiatos that **a rapid ach'aiCT of a hoat front" (Col- 3, line 7) 
can bn obtained by exchaEoging haat between the oil a hale and. a 
nuclear reactor cooling fluid and describes systems for uamg such 
reactors either located an th- earth's aurfaca or In the oil ahalR 
deposit . 

OS Patottt No, 3,2&4,281 *ay» (at Col. 1, lines 3-21), "The- 
poccdcction of oil from oil shale , by heating the shale by various 
means guch as ... an electrical resistance heater . . . haa been 
Attempted with little Arcem. , . . Fracturing of ths sbalo oil 
prior to the application of boat thereto by in situ combustion or 
othur means has bean pract tsed with little success because the 
shale swells upon luxating with consequent partial or couplets 
closure o£ the fracture 11 . Tbs patgiit rip-^ py ii-ioa n ^^j^^^g^ q|* 
asquentially heating (and thus selling) the oil ahold, then 
injecting fluid to tydraulicaljy fracture the e*o11(>jx shale, then 
repeating t)\03G atepo until a haat-e>tofalB fracture has bean 
piropagdtjeid into a production wall, 

US Patent tfo. 3,455,383 daecribea thu accumulation of 
partially depleted oil shale fxagrae&ts within a flow channel such 
as a fcorixantal fracturo being held open by the presenre of tJ"tt 
fluids within the enamel. The patent disclosos that if the channel 
roof is lifted to wtintain a flow path above such a layer of 
<3ap3efcad shals, the overlying foctuntioo» must ha tent and, without 
precautions , will bard to an extent causing fractures to extend up 
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to tha surface of tha aarUu ItiC patent ip directed to a prace*? aC 
Inrtermitteni Jy reducing the pressure on the fluid within such as 
f racture to allow tha weight oi the overburden ta crush, and compact 
the layer of deleted snaleu 
5 Tn a significant rjortlon <if substant.iaJ.ly ImpenzEable ai*3 

«>lativ»iy thick oil shal» deposits, *uch aa those in tha Picaance 
Bagin, b valuable resource of alixniniian is parent in the farm erf 
dawscnite. in US Patent NO* 3, .3 975, directed to reaavcurimj 
aiurrdnian values frnm retorted oil shnlaf* whijeh hav« baan mined out 

l£ > fxon such deposits, it 1b pointed out -that, in a substantial 

absonc* of water, at t^ixaratures of about U00 *P the ciawtcnite is 
convortad to crystalline sodium alurcimto. Such a water- free 
retorting can daocupoae dolomite in tha shale to protoca carbon 
dioxide/ calcito t and magnesium axida eo that iraqcacsilim axida 

]5 conkinfiB with part of tha silicon dioxide in tb- shale, in a nanner 
permitting a higher recovery of the aluminium valua-a by a leaching 
prccese. US Patent Mo. 3,502,372, directed to utilizing solution 
mining to ztscovar daweonibs, indicate* that where tha pyrolynisi ig 
effected by an aqueous fluid, such aa steam or the product* of 

20 i^dargruurd oocrtxistion, it timet be cenducted at a low teaqoeraturs 
and thus rtxlativaly alowly, to avoid converting the dawsanita and 
athar soluble aluminium cccpouncls to an insoluble material such 
analcit^. In US Patent S3. J ,572 ,838, a similar relatively lew 
ten^eratura pyxolytri a is alternated with injections of an aqueous 

2^ alkaline fluid oontaiidng an acid-insoliibla chelating agent to aid 
in leaching daweonrte witluxit fonrdng 3uah insoluble material s> 

Thia present invention relates to a process for conduc timely 
heating a sribterxanean oil shall* Sootation in a manner arranged for 
prxjdMcirtg oil from a subterranean oil shala formation wltich is, 

■yo initially, Rubstantialiy impermeable. In accordance vith this 
invention, the portion of oil shaia deposit to bs treated ie 
selected, on tha baai* of the variations vith depth In th» 
cnt^oeition an ucopartiee of itc oaoponsnt»i to have properties 
c:^pabif< of interacting in a manner which enhance* the uniformity of 

35 the heat fronts to an extent limiting tha time arid energy 



oxpeadituras producing tha oil to values equivalent to le»» than 
tha value of tha oil whicll Is product. Tha selection of the 
treatment interval ia based on tha gr*d« and thickneaa o£ the 
portion of oil chala depoBit to b« treated and the enhancement it 
provide* amounts to xaductng the irtount of heat enargy lost dua to 
exothartttic side reactions* and increasing the amount of oil 
recovarsd from, a givan grade of oil shale. 

In accordance with this invention at Least two walla are 
completed Lnto a subterranean oil aba la treatment interval which 
la aubatantially impermeable, contains substantially no Mobile 
wator, is at leant about 30 m thick, ia capable of confining fluid 
at process praaeure, at leatt substantially within tha ureataiant 
interval, and contain* a orade and thickness of oil steals such 
that the avaraga gtade in gallons of oil plus gas equivalent par 
ton by Piaoher fliraay ia at leaat about 10 and tha product of tha 
grade time* tha thicfciieas in nwtrajf of tha oil ghal* ia at least 
about 90 0. 

Thus, the present invention provides in a process in 
which ci\ is produced fropi a fiubtarraaean oil shale deposit by 
extending at least on* each of heat-injecting and fluid-producing 
wails into tha deposit, establishing a heat-conductive fluid- 
impermeable barrier b^t*»an tha interior of each heat- in 3 acting 
wXX and tha adjacent deposit, and than heating tha interior of 
each heat-injacting wall at a taapa jrature sufficiaat to 
couductively heat ail shale karogan and causa pyrolyai* products 
to for* fracture* vithin ttia oil shala deposit through which tha 
pyrolyais product* ara displaced into at iaa»t one production, 
wall, an iaprovamant for enhancing tha uniformity of tha heat 



fronts aoving through the oil shale deposit, which comprises r 
determining variations vir.h depth in the composition and 
properties ot tha oil anal* deposit; 

completing aaid heat-in jectiog and fluid-producing wells 
B&lectivoly into a treatmant interval of oil shale in which 
the oil shale deposit (a) is at least tbout 30 m thick, {b) 
la substantially iroparaeahle ajid firao of mobile vatar, 
(c) has * composition and thickness such that tha product of 
the average Fischer Aasay grade tines t,he thickness of th* 
treatment interval iii at least about 900, and td) thereby 
contains conponents capable of interacting in a manner 
enhancing the uniformity of a trout of conductively 
transmitted heat, with said wells being arranged so that, 
at least substantially throughout said treatment interval, 
the well borehole* are substantially parallel and are 
separated by substantially equal distances of at least 
about 6 m/ and 

withia the interior of each haat-in jecting veil maintaining 
an average temperature which, selectively along said 
treatment interval, is at least about GQG^C, but ia not 
high enough to thermally damage equipment withia tha well, 
while hast is being traninlttad away from the wall at a 
rate not signi f icantly faster than that permitted by tha 
thermal conductivities of tha earth formations adjacent to 
the heated interval within the vail. 

tn a location in which a subterranean oil shale may 
contain portions wbicb axe generally suitable for qb« as a 



-5b- S3i$3-27« 
treatment interval (ac Ascribed above ) but are apt to be 

permeated by enbstantialiy disconnected natural fractures and/ or 

planes of weakness as. veil as being located near boundaries of th«i 

oil recovery pattern and/or nwt a potentially active aquifer, the 

operation of th« preaent- pro^esc can advantageously be combined 

with a us* of "guard walls" located near the periphery of the oil 

recovery pattern ax>d/or between a production well and an aquifer. 

Such guard well* are extended at leaet aubatantiaUy throughout 

10 the vertical extent of the treatment intervals end the adjacent 

formation* are initially heated by thenaa.1 conduction in a manner 

similar to that eaployed in the he»t~ injecting wells, except that 

the guard wella are heated at temperature* which are too- low to 

tfasify significant proportion of the oil shale organic components 

but are high enough to cause a *io.riif leant thermal expansion of 

the rock matrix of the oil ehale deposit. 

In some instances, it may be desirable to maintain sqch 

a 
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relatively irw trarperaxnre guard veil tweeting throughout at: least d 
3ubgtai^tial portion of the shale oil r^oov^iy proceaa. In other 
instances, aftQr an initial relatively low teti^Mrature heating of 
the guard ^ells, it iray advantageous to teat guard wells ut 

5 afxjut tha temperature selected for the heat-injecting walls , hi 

orcter to expand the pattern of \rfadla from which oil is displaced by 
thexnal coriduotion. 

A3 used heroin x^garding the gta3e of the portion erf oil ghate 
to be treated, tbe "average grade in gallons per ten by Fischar 

to Assay" re£*ira to the folXcwingi Tto detArarijiation is or 

equivalent to a d^rmiuaticct conducted Substantially an ri^cxibed 
in tha A&TM Standard Test Method ti 3904-60, Crushed raw shale in 
sampled py rif fle-splittUig. Tha deterjiriimtion of tho amount o£ ciil 
plus gas equivalent available^ iron oii shale is made by heating the 

15 raw shall* frcru ambient toqperatuic to 5(JG ft C in caat algiwinivro- 

alloy retorts. Iho vapour* distilled frcea tta scrapie- are cooled and 
tha condensed fraction 1* coHectnd* Tha oil and water fractions 
are separated, the water voluma toom*H±Bd to weight equivalent) is 
maa&ured and subtracted from tha Oil plus Mater weight, 'ttia weight 

20 ot unooruJonsable <jaise* evolved 4 gas-plus- loss) ia then calculated 
by difference. The grand*, as used in the "grade times thickness in 
metre* of oU shale" product, ia the gallon* of oil plus 
lydtrcoarbon <jaa equivalent corresponding to tiia total *eiqht tsf nil 
pluu Hydrocarbcn gas evolved by tha heatjjTgr* 

?5 Tha walla are canploted into the treatment interval and ate 

arranged to provide at laast ccne each of beat- in j &trt±n^ and fluid- 
producing veil 3 having fcoroholos which, substantial Ly throuqheut; 
the troatrrant interval, are substantially parallel and an© 
separated "by substantially equal distances of at least about 6 nu 

JO lo each ]»ot-inj*ctin9 well, aubstanfcially throughout tbe treatment 
intervals tho v*Bll-cui^randing face of the oil shale foacortion in 
waled with a solid material and/or oaaemfc which ia relatively hsat 
ocmdtetivw and substantially fluid impemBahlii* In each fluid- 
pruducing w>ll f substantially throughout tho treatment interval, 

j*> fluid o miflLfl titration ia established botwoon tha well barehnla and 
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tiua oil shale formation anj t)«* well, is arxajogcd lor pjulucing 
fluid iron the oil shaio format itaiw T*e interior of <s*ch 
hefit-in jetting w^3A is ho&tedt, at least scbetanH ally throughout 
the trc-btjnait interval, at a rate or ratea capahlg of (a) 
5 increasing tlie tiaiperiTturo within the barehote interim: to at lease 
abiyjt 600 *C and <b) maintaining a borehole interior tenperature of 
at least about 600 *C without causing it to bacam high enctigh tn 
thcnmlly damaga equtjjenent within tfm borehole white the rate bt 
which hsat L& generated in the borahole ia substantia} ly equal to 

10 that permitted by the baat acwiuctivity of the oil bhalei 

In a preferred art»dlftejit of the present process, tha lurtfcrial 
for scaling tha face of Uhe oil fihala tarnation algng the borehole 
of at least oca heat-injecting well ia a dlosad hcttrxa racing 
grouted by ccflftjnt arranged to f i U substantially all ii£ tha spati? 

i ^ batwssn f?ach outermost iwtallic element present; within tha interior 
of tha borehole and the adjacent face of tha oil shale formation, 
with aaid comnt having a thermL oondoctivity at leant 
substantially as high aa that of the oil sJiala formation. 
Cetermnafcianc art* made of variation? with dopth in tha 

10 canpositiai and propeortiaa of the oil ghale deposit and, Id a 

particularly preferred procedure, based cm tha variation with depth 
in ttva heat conductivity of the oil shale deposit < tha heat- 
in;} ecting wells axe Ideated so that relatively higher tesrpcraturo& 
are applied art depths adjacent to portion© of the oil shale deposit 

2*5 in which thQ heat oanductivir.y is ^^i^^y^iy addition, ^ 

alternatively, in various situations,, tha effective radius of at 
least one btaart-injesting wail ia increased by creating an expanded 
pert ion of the well boxohol© nnd extending haat-cood«ctlng metal 
eJerents Iron within the heated well interior to near tha xcall of 

30 tha expanded portion of tha bncehole» 

TW present process is valuable for usa ttithin a traatraert 
interval of oil ghale which contains other valuable tBrin^rali such ae 
ctawsonite and/or nahoolite. In such a situation the prooaaat process 
exoatee a penocafcla ton* *hich ia selectively Located, withlo tJic 

35 treatment interval and substantially within the ) boundaries of tho 
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wsll paitortj used .tor the oil pio-iuetiacu Tha resultant pcnansahia 
zone* a ZOCte frecn which soch otl^r minerals cam ha anlnti on- 
mined* 

In general, Uie presant invention L3 applicable to 
S substantially any subtctranaon oil *hal* deposit oattaining an 
interval of BiibeftawiHally inipeiwiablfi oil shaJo which is 
substantially frco of nubile vacer# is irore than .ibmt 3fl m thlcX, 
and hag an adequate averagw grade in gallons par tun (Piaster 
Assay) to give a gra do- thick; tews product ot about 900 or greater * 
10 Ths ^vorouge grade of the heated interval should he greater Uian 

aboerfc iO gallon* pur tan (FiscJier Assay). Within thaw 1 inri.taU.cmc , 
a higher grade- thickness product i.s> increasingly de&irabla if other 
conditions such a? depth rcraain ths name. 

1h3 invention will new be cxplftlnad in greater detail with. 
(5 reference to the acoenpanying drawings * in which: 

Figure \ shows a plot of relative rate of return (RR) for 1982 
US dollar* invested in installing and operating the proooss of thy 
present invention, as a function of oil shale grade-thickness 
CGtfTlI) ptMduet, to produce shale oil art its 1982 value, 
zo Figwe 2 illustrated a plot of thermal profiles at an 

observation well regarding temperatures meaaured at different 
depth* (Di and tiro* within that wall. 

Figure 3 is a plot of the radial thsmal profiles at the 
fltictdle of ft ^^u'^^^ "EOTlc aftGir d t "f "fev^ynrt tixnaa o£ heating- 
23 Figuta 4 ia a plot of ttuenral conductivities parallel and 

pcaqpeaadicular to the tedding planes of an oU ghale as a function 
of tenperatur©. 

Figure 5 is a graph of Fiscbiir Assay yield with dsptb (D) in 
and abova a hazrbed portion of subtierrsnsan oil stoal*. 
30 f igures 6 anJ 7 are plots of horizontal and vortical 

temperature profiles within a heated portion of aibterraraaan oil 
£h&3xi formation. 

Figure 9 ie a echecuatic illu&traticn uf a portion of a reJ I 
ccaploticn arrangement TOit&blo for practicing tha present 
35 iiwejvtion- 
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pattern U6<&3 tar the oil promotion* Thn resultant pcronoahla 
zone- j.<* a zona fxeen which aoch otlter minerals can be anlntion- 

in general, the present invention is applicable* to 
^ substantially any subtcrrunaon oil ahftl* deposit containing .m 
interval of BiibetanHally iwpaxra&abltt oil aha 3 e wh\ch is 
substantially free of mobile waiver, is irorc them about 30 to thic*, 
arjd has an adequate oversaja grade in gallons psr tun (Fiucher 
Assay) to give a grado-thidcrj^vB product of about 900 or gr&atHr. 
10 Ths avcrocft gradu of the heated interval should be greater tiian 

about 10 gallon* pur ton [Ftacher Assay) . Within thaaa limitations, 
a highar grade- thickness pradnct i» increasingly dattirabla if other 
condition* aur.ti a? depth remain tha same. 

11X5 iavuntion will now be explained in greater df?tail with 
(5 i^ferrerre to the aoccopanying drawings, in vhichi 

Figure 1 shows a plot of relative rate of return (RR) for 1982 
US dollars invested in installing and operating th© process of ton 
prosont invention, a* a function of oil aha la grade- thickness 
CG>OTI) product, to produce ahala oil at its 1982 valus, 
2U Figujpe 2 illustrate* a plot of thsrnal profiles at an 

observation well regarding tefflperatures neasured at different 
depth* tO) and timaii within that wall. 

Figure 3 is a plot nf the radial thsanml profiles at the 
rtdx&ile of a heated Eone after different timea of heating* 
25 Figure 4 ia a plot of thermal conductivities parallel and 

perpendicular to tha bedding planea of an oil shale aa a function 
of tenperaturo. 

Fiqune 5 is a graph of Pi4Cbnr Aaaay yiald with depth ID) in 
and above a heated portion of suboerrmsan oil stela. 
30 FiLfurcs 6 and 7 are plots of horizontal and vortical 

twiperature profiles within a heated portion of subterranean oil 
sbala formation. 

Tiqurm 8 ia a sshetratio illustration o£ a portion of a ^Jl 
carp lotion arrwxjwnent TOi table for practising tha preaenrt 
35 invention- 



tscc aanri, Ljungstrosfc taaclws that tha in «itu heatiju? &nd 
pyroly^ing should J:o do/ia in a portion of th» iinpanrwablc Cormaticci 
which is vertically nontiguoua to a well- inter cunnactinq fracture 
or * layer fcfaich )a» different geolc^ical character and is 
3 £*rrmeabLe to flow of the fluid produces of the heating or 

Contrary to Uie implications of sxich prior teachings daA 
beliefs, aijplicxmts diaoovarad that the presently deneribad 
cinductive KcMting process i£5 economically feasible for uf» in a 

Ifl substantially ircp£ rateable aubterranaan oil aha]«* This id not 

obvious, particularly in view of tha fact that th» prewiL process 
uses a mich larger well ^iftcinq than, that used in the Swedish 
process and the present process is cendnctad by heating th» 
infection wells to temperatures of at laaart about GOO & C i although 

15 600 *C tias been said to bu conducive to an fecocutoca^y untenable, 
heat-waiting f erjdathezmic reaction^ gse the Oil Sbal* 9yitpc«dT^a 
Proceedings mentioned above) . 

By ire erne of laboratory and field test mensurorenta and 
jnathematdjcal ncctels of the present prooofia r applicants have found 

20 fJiafc when tba aro spaced, completed, aad cpfttated a« 

presently <fefio ri hed, the only region in which heat enorgy ia 
utilized in an enriotiiermic reaction amounts to less than about 1% 
of tba ara* to he heatt>d, and tha energy lost in that faehion is 
insignificant. Ajagxlicants have iT^asurad the rate at vtfiich 

23 substantially JjcporiiHabla oil stale foruaatiuafl axe heated fey 

conductivity, and have d^tfannir^ ths amount of hoat required for 
pyxolyvlng kerogen and thermally pressurizing the pyrolysiB 
products to pressures capable of fracturing a mlatu^ly efeap oil 
nha.h* fotrntttlota and thanaally displacing pyroly*i» product* through 

30 tha i^-^rf*ated permeability, 

Tba cbta nbtalnad by such n&oftareoieitta in the field and in the 
laboratory huv« bmn «q>1oyed in oalculatiofw of power rogulro- 
menta, ooancciijcs, tiwi to a tart proo^ctiOQ, project duration, 
ancunt of production, «tc. , in roathemtlcal siirulatian* that 

35 correlate with the £iold and laboratory data and indicate the 
waonitocisa of such factors id reflp»ct to a full soalo prrxOT?. 
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T)x>^ calculations indicate that t>» presently defined precox* Lt 
tha only shala oil. production process, of which ayylicanr.R atro cwura 
which is oapabl* of economically obtaining oil txan a relatively 
low grade oil nha^e lometion, soch as qua in T rfhica the Fischer 
5 Assay is only 15 gallons or Isbb pet ton. Thae capability can 

Incrca&s* tha petroleum renervcft of a sigivi floruit proportion of the 
oil simile londfl by a taotnr of six. In addition, with respect to 
processes for vmdei-gxouiui mining and modified in situ retorting ol 
oil -H^ale, the prensnt process significantly iricreasco the ancunt 

to of available leKnrcHfl by eliminating the tar support pillar* 
and iutorburdan betwt^n nuning zona* and by providing a means £ur 
treating substantially all or a very thick interval of oil shale. 

Tha present process can adrantagoouwly be applied tr» an oil 
Bhalxs formation in which there i* significant con;:errtration o£ a 

li mineral such an dawooniba or pahoolite. In such a formation tfc© 

proottflfl providaw a perncflblH zona from which *uch a mineral can be 
recovered, in addition, the prensnt ptrocofift is particularly 
adrantagecufl in converting cfaMsonit* to wator -soluble cosnpoiuicia of 
aluminium (probably rho-alixnina) which have been (both clinically 

20 and physically) irstfe available fox solution-niixiijig to produce the 
aluniniiini — an eaasntial raotoriaJ. which is in short rwpply within 
the United States. In contrast to many previously proposed 
processes, tha pxcess of the present invention requires sub- 
stantially no water, involves ntixqjnal lard disruption, and con ba 

25 q conducted with minimal, atmospharic pollution. 

Figure 1 shews the relative rata of return for 1962 US dollar* 
invested in installing and operating the present process in field 
appli rations that harve boon mathaaatix»lly iGodelled from data 
obtAijDSsi by field and laboratory nsMwrewents. 

30 WfrffUE I 

A Kfldj&tf a£ injection and production wall* j g drilled into an 
oil shale formation <)B a in thickness with 120 a of overburden, ifca 
averog*. oil gradto of tha interna u 20 gallon* psr ton as deter- 
mined by Ti sebex Awry . 

33 T5te well parttam in a savon-spot with each heat inj«ctoc at 
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the corner of a regular hoxa^pn surrounding a central prodoeinq 
Will* th» spaing is 22*5 m bsrwean producers and. :b>}ectors. The 
pattto.cn rarxarta vr3tb producers sharing tha inj-erinr? in each 
direction and oorrtimies Co form a fielcJ-wlda pattern capable of 
5 pxo^icing a large quantity ot Oil. The injectar-to^n-nriunfir ratio 
approaches 2 to 1 in a large xieJd. Tn Etaanpla 1 the total oil 
production L3 25,000 twirrela per d*y throughout the lift; <j£ tliu 
project* 

Tne inj Bdticm wells electrical ha&tara am wwsnted into c^ia 
JO formation and txsmoztoi to * power Kwroo cm tfao anrface. Tha 
production walls are cqul{ r ^ed.with standard oil field punps for 
lifting tha produced oil to tha surface* The electrical injection 
rato ifl 3*23 x 10 f) fflUA&il per day. The teittjeratnre of the 
injector* attains 7150 *C* 'Ifte • production wcdlu reach a terminal 
is tenpaaratura of 300 *c after 33-34 yearn of operatic©. Production 
ow&r this, period averages 5-6 barrela/day par well, with the 
average rumbur gf active producing wells b&ing from about 40flD to 
5000, float ctti^Linjptxctn ia l.l x 10 6 rm;/barrel of liquid oil 
proiucticru 

20 Gaawufl products collected from the production wella nay be 

usod for nn-eite gerraration of eloctricity or other purpoaea. Tha 
oil-phaao potrolGUA which La no produced ia superior to con- 
ventioaally retorted ftliala oil. Toe relativs* rata of return which 
oan be expootod frcoi tha tfxanpie J situation ic illustrated by the 

25 "EX- 1" Situation dseignation m Fignre 1. 
KXrtHFLE 2 

A s«riHfl ot injection and production wells are drilled into an 
oU. shale formation 215 m in thickneaa with 300 m cd overrburderu 
Tha average grade of tha oil gtfiale interval is 26 gallons par ten 

:V) an (ietermfned by Fischer assay. 

Tha wll pattern is tte same aervw-spot dafijcribad in Example 1 
exoapt the ipaciog in 13.5 id hettfeen walis instead of 22.5 m. Total 
proctoction ia 25,000 barrelfi/dary trougbout the lif* of the project. 
The injector to producer tatio atill approach* 2 to U tn the 

J 3 \fellfl, the heater* and production equipment btb similar to these 
described in >^eff$>la U 
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'H-jft <*JectriOtil injection rate i3 10. 35 x 10 & BlU/wall par day, 

Ttao i/iiertion well toiporatuzHH 750 *C and the pifxiuntion 

wells reach a final ircn^cratLire or* ."JOB *C after a prediction life 

of 9-10 year*. Production error this parixxi uvuragas 42-43 

harxe"l?/<Vity per well, with the avera<ge nutter of active prtytaring 

5 

wells being abcut fiOO. Thn heat ccnsurtptioai i& v 10 TFWbarrel 
of liqtria oil prodocxxL 

As in -Exarcpla J, gaseous products can ba used for ca-£itu 
power gciiorjitiaD or other purposes and tha liquid product will }>o 
biqhet in quality than conventionally retorted shala oil* This 
relative rata of return which tsm be expected is illustrated by fcha 
"Ex. 2* situation designation cm Figure 1* 

TabLo 1 liata ocznfoinations of oil, shale gradan, thicJcnes9^3 
and grade-Chicknccst y<roduct» which are generally suitable for ufw 
in the pmanb ptoo^fts, Ttitt relotiva position. 1 * of such grade 
thickne»fc& uroducta v?ith respect to the relative rate* of financial 
return are illustrated by tr» designation* "PrafKrri&i Range" (P.RJ 
and "Especially Prcfarrod Range" (H.P.P.) on figure i. 



Orarifc {gallons/ too) T ftjUcftness <m> Orcuia x ThicJow^g 

30 30 900 

20 45 900 

10 90 900 

Mare desirable grads thickness exortitefl axe ahown as foliar: 



Grade f gallons/ ton) HlucJcnostf <m> Qrada x Thickness 
30 150 4500 
25 60 1500 
20 300 6000 
15 fiOO 9000 
XD 225 22SO 



20 



lo gonadal, the higher the grade thicknae* product ttos ltore 
dti»irubl«. Tha practical application in limited only by trw ability 
to hatft thm daairvd interval. 
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Field flegj Mrasurttnent g 

-Pests v^re oanthxrt^d in gn outcropping of hj\ oil shale 
formation which is typical of substantially i^rn»abJ.a «vi 
relativoly thick oil. 3)\3lXc dapoaita- Thirteen borohotea were 
drilled to teptba between 6 and 12 in and war* arrajvyed to provide b 
pattern erf beat-in jt>ctinri, observation oivi t Jtod-procfciction '^lla, 
with the borcholofc being spaced about 0*6 rn apart in order to 
provide a relatively rapid acquisition Of data. Haat wa* Injected 
at a rate of about 1000 watts per netr* for five days. After the 
heat-injection wall tenperature bod reached 450 *C r a towptoxutura 
faJ.x-^fcf test moa run for cone day. 

Figure 2 showa the vertical tfjeroal profile* in an cfosg^vatiion 
well. As a function Of time, Tha data YftW fit bod to & natbanatical 
solution describing the tcmparatMrw distribution around a 
finite-length iinu hootch inside' a medium of thermal ooitoXictlvity 
(parallel to bodditiij) 3.25 Tncal/cro-aec-^C and tharraal aqrvdoctivity 
(pocrpecndLoular^ 3,25 nioaVctfr-«ic-*C* lYie specific Iieat capacity 
utilized in th© tailculartians was computed from the thenaal 
conductivity/ tharwnl difffcsivity, and arroraga bulk density of 
oorea xecoverod during drilling of tJift wells. The therncphygical 
propcsrtiea fen: the tba oil thai* in which tha taafctf vera conducted 
are TOtniiarizad in Tvtble 2. 



Figur» 3 shear* radial profUfts computed far the middlo of the 
boated 20J\o for various heating tiro** ft) . At the end of a 
beaperaturc build-up test of 140. 5 hours, tha average formation 
trnperaturo butw^c -tha baatax and observation wall wo* 120 °C, 



™oa 2 



Initial Restarvoir Tteraparature 

Dulk Density: 
Thermal Diffueivity: 
Specific tlcat capacity: 



3.8 "C 



20 9Hllon/ton 

2*20 got/an 3 

—3 2 
6.6 x 10 an /bbc 

0*224 aal/gm °C 
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Piguvre 4 shcw3 a comparison oi labor ate rry values and field 
data relative to the eternal o^ruiuctivity puralial tn arxi 
porp^rxlicular to the bedding pianes of the oil aluilo formation r as 
a function of tHK^rcttuna. Tha laboratory oanductivity maasuratfientfl 
were nrale a\ adjaceot finupX^a of cores frao the observation well, 
o.*xng <=foroe cores, cut parallel to and none cut perpendicular to the 
bedding plana*. A rvi trcgar^trnofephera t*a» used to oliadnatis 
oxidation reaction,. Tha samp lea vjero ccnctridrjcd in tho vertical 
direction bat ware free tu expand radially- After the sarnplo* were 
heated to BOO °C, tha radial expaneian. averag-d 1.45%. /is clxwn la 
tha figaires, the laboratory valuoft ore in exc*llar<-t agreeroerit with 
tlVi valuta oenpited froro the field data. Tha tM*t* indicate that 
the theoral co*iductivity in law In the direction pcrptttidicular to 
tha bedding piano, because, ketogen layer-) have a lower conductivity 
than tha dolomite matrix* AC taqperatures below IQU "C, tho thaiuai 
conductivity La c»i*intially isotropic , as observed in tho fiold 
tests. But/ that conductivity baconae increasingly anisotropic , a* 
tha terogen is rencved (at taiparaturai between JOQ and 400 *C) and 
qan begins to occupy the spaces bntman tha layer b» Ahcv« 700 *C, 
both tun parallel and perpendicular coa&Aietivity decree** sharply 
due to the daaoaipO!»itiim of the dolcadte and evolution of C0 2 - 
VJhen a subterranean oil shals fiamHtion ia hearted the- oil 
ahalR expels as the taiserature inaroa&es. when tha oil ahale 
ton^uratura reaches a Jcercgen pyrolyaiag teoipsrature {far axajtplo* 
frcm about 275-325 *C> additional expansion foxces ar» generated* 
Vha kercgen is converted to fluid* cnpe^lfi of occupying a larger 
volwra than tha kerogan, and surf\ fluids beccsne increasingly 
praesurizad when the tef^exaturc ta incrtASGd. As <nore fluid i* 
fornod and rare fluid is haated, hydraulically indocad fractures 
£om with Id tho oil ahala foiMtion. 

Fractures vhicfc are tydraulioally induced within mjfotsrranann 
aartb foan»tim» form 9 Long planes pejrpereU.cwlar to the looat of 
the thr«« principal ccopnewiive s Uesscs U*e»/ one vertical said 
two rcutu&lly pwxpandiculax horizontal cenproeniv* stiresse*) **iich 
exist vithio any subterranean earth futna Lion* Hcww«r, whata tha 
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hydraulic frncttuv.* tend to bo vortical, horirontal fractures can 
ba formed by ln^ting heated fluldo GO tliat the mil* of the 
vertical fractures are heated until they swell shut. Than, by 
Li\creasiitq the fluid injecticn pi^Ksurf* to greaLer than cwejtourdwn 
^ pressors, a boriTontal fracture can ba formed, Ruch processes Cor 
thermally inducing tha formtion of horizontal fractwec by 
injecting externally heated and prescorizt-d fluids are described tn 
patents such as t)« aba/tt-iiwtijar/s3 US Patent Ito, 3,284,281; US 
patent Nb + 3,455,391 by C.S. Matthax», !>♦ Vanre-ora and C.W. \falek, 

iO wad US Patent No* 3,613,785 by P.J- Clotttann. 

Applicants hav« now disinoveoceii that when substantially 
iirpGnreab-l e subterranean oil shalM hwring the presently spacdBad 
caifrinaticin of gi-ad* fand thickneca w«m» conductively he&tod u» 
presently epacified,, a Ton? of poxincobility waa developed between 

15 well* within the oil ahaiM, Although tlue praaont invention xz not 
promised on any particular nttcbanisn, in the course of such a 
treatment the heated oil shala behauai mm theggh it v/a« subjected 
to the abova-cteBcarxbed type of proosjaa for tharmally inducing tha 
formation of horizontal f rotates. Such a behaviour w*a not 

20 predictable* sinco tha pranftnt process in operated without any 

injection of any fluid* It appsara that when the present process ia 
epexrated wit} tin an iirpftrmnabla oil £Siala r tha in situ gsnsratirrv 
onr* placement of heated and highly press urizod fluids occurs at 
the timeH and to the extents rsaoded to successively ex Lend and 

2.5 horiisocftally firsctatiirQ through guoosfiEsAvB ponrtiono of fch© oil shftJL&^ 

Whsn thOSO portion* becenre oqncftKrtiwely hcatod. Ihft ZOra being 
heated app©ax» to undergo a relativoly unifann, torizcntal, radial 
expansion through tho oil ahala, act tha rata set by tha thenral 
conductivity of the oil shale. Da oacfa ^occeombm location in vdnich 

™ a Xerogsn pyroly2ii^g tEffpcrartura is reached/ fluids appear to b« 
formed, beat«3 and pressurized ho that substantially any vertical 
fractures which sm fornwd withla tha haatad zona are subsequently 
converted bo horizontal fractures. 

Applicant*' tasts indicated ttat substantially all of tha 

V> fluid pyrolyoifl products of th» oil shale tended to rerrctin in or 
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near t3u> lixsrtions in which they vrere fanned until they were 
displaced, through ^libstantially horizontal fratstuxea, into wills 
adjoining tho leat-iTrjecUing wells. In addition, tho fractizre- 
ij*Jucing pressure of fluids in ths ]\ari2oertral fractures appears to 
5 )*avo bean j^cJaoed as tljaee fluids expanded ykjv cooled as ttey 
moved away from Urn hot butt particovj of the haatod zone. 

'Itroa, th* prftwnt proofs seam to indooe tha moving of a aonc 
or kei-cgen^vrcdy^lxjg teapearaturcs through tha oil shalto 
iamadiofcely behind a ran* of J.jccali2ed fracturing in which the 

10 fractured are, or soon beccn*> r hori7ontal fracturaa, ifce hcatiiig 
and fracturing zoncm seen to undergo * substantially uniform, 
hoxisontal t radial ey^anaioa through tha oil shale 4 until the ron© 
of fracturing r©aohafi a location (such as tha borate 1j& of a 
produutim well) frexn wiiich the oil shale Ryrolysia products axo 

(5 witttfrauri. 

In addition, applicants have discovered that, at least wham 
the overburden pressure ia anall, tha zona of permeability that i* 
created betwaen adjacent walla retains a significantly high degree 
of pcnteability after ths ftmt»tictn» have oooled. Thus it appears 

20 that, <3van if tha ovexburdsn pressure is high* an ar^licarfcLcn of 
tha present process ia capable of forming & wttll-interooniiecting 
zcoo iri which the permeability rsmiina high ox can be reajiily 
restored by an injection of fluid after aro or all of tha heat baa 
dissipated. And, the eagre* and location of that permeability can 

u be controlled ijy cxaiixoliing the rate of retmovirtg fluid fra* the 
producing Walla. 

Thti data obtained by meatureir^r(t3 in field teste of the type 
debited above **r* inclusive of % the thermal conductivity of tha 
oil otiala fanrotiaft,. ths amount of oil wcowcxafaie by Fiaehac 

3U ajialyria at variona depths witiiin heated intervals ot th* oik shaie 
before and aftor hunting, tha roeasurcsDaot ot tt» amount of 
pymlysU prodecta rooQMacHd, and the litoe. Whila no oooBflQiiic«tioKi 
oxU-tad brtwai bsat injectors and prcdooerB at teat start-up, 
injecticrw £rt tba- end of the test dencDBtrated that permeable 

35 channel* had foruBd* Bv» results of standard engineering 
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calculations were Lxiicatn.vw of the applicability of a concept of 
tha typ* c^jcrilx.'d above to tha nsujults obtained by tha teats. 

Figi>rts 5 is a graph of Fiector A*oay yields; r £*ttii tha tarqwr. 
zconc in th» field te*t, as a function of dftpth 0, 'foe heatiid 
5 interval o*tairfed firm 4.2 to 6 m. Una curve ahowa the yields 

bHfoi^e the heatirxj tnwtnKnt arui the. dashai carv« fihoww the yieldo 
arter re-tor Ling was cxri)i*tfcftd, The yields bafore and after were 
otfeemtially the g^cn* out£ido ttta heated interval. Tba mcasuro3M2nt& 
were cnadc on cores fran the centre of the pattern before heating 

1U ard an cares about 13 cm away after heating* TVih variations which 
are apparent in thosa yialdn are within the nonaol limit* of 
accuracy for tha nwwuiyr.tng of such 

Withifl tha haated interval tho Fischer Assay yieM drops from 
an average of 20 gallccui/tan- before the ttist to less thai 2 

15 gallcna/ton after heatifty. H» retorting efficiency within the 
process acne wan thus better than 901 of Faflcher Assay. 

The pattern am extent of tho reoovery ocnf inro the fact that 
little oil was lost ovfcr the producing liori2tri thrcucjh vertical 
fracture*. In addition, tha uniformity in retorting efficiency 

20 through the heated zcdq, ittdicartea that thermal fronts wore 
approxin»t«ily uniform over nest of tha heated interval ♦ 

The unifbrtnity of tha thermal fronts ifc even nttre apparent in 
FigareH 6 and 7. 'lrjtsy shew horizontal and vertical temperature 
profiles calculated for * Ret of vertical heatere in a five-spot 

2 r > gq^apQ pattern, jj^^ 0fjej£ 2 ^ n cjaicui^jti^ma incxuDiid four heat 

injectors and one contra producer (not fliiwn, tout centered batwaen 
the boators ^fcown on tha fiqntes> . Each te&tor was assured to b* 
24 m long and heated at the rate o£ B14 W/m> 

'ibe profiles in ?iyur« r> (graphs of tcraporatur© variations 

30 with diataww frcw the heaters) vara calculated along a oorizontal 
aagnoct Ijlj which ax tends through the ndd-points of haatara at 
npposiue conxtra of tr* «niare* Figure 7 id a r^iay- ^raph of 
profiles along a vortical ui-gioeot 1^1^ on the axis of eyametxy of 
tiw pattern. 

35 Such calculation* iMioata that by tha tlxma retorting 
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tsuperature* (275-32.5 °C) arc; reacfaad at tha «3Ur<= Of the pattern, 
nore than 87% of rtn volune haa boon uunvurtud whili* cnly eitout 14* 
of the converted voluau was heated to more than 325 »C. Furthenrare, 
ths calculations irxHcnbe thnt If the power is tux'^ed off or 
3 redLirweS before the osntn? trachea a tangftt teirpcrAtuLW such as 

325 ^C, th* 3 eveLUng off of tlra thermal fncnU* will still haat tl» 
centre of tha pattern to retorting teo^p&ratureH aj\3 will also 
jnecfcioe tho becn»iratur« rv*a at the hetiturz. This node. n< operation 
f=an ensure that lesa than 10% of th« heated voIubwj is boated to 
10 noca than 325 "C, and thus can iixsreaiia tha thermal efficicaicy of 

In view of tho iibova- teat KWRultS and the oalcaiatiana ha»eri 
an thcwi results, it .sppe&ra that, cootxa to the prior btoching» 
and bwliqfa, ths uutial inpitrjcaahility of an oil shale cfcpoait van 

15 k» Utilized as an advantage* The initial jjpprnyyibility confine* 
the fluids and f tttctanv within the well pattarn, ai/ics no 
E^foneafcUit^ exiat* until th» raw between the heatHiijfcctins and 
flnid-^cducing v^lls becoiE paewsated by a ppttero of heat-lnducod 
horizontal fracture**, 

20 In tfoo pressnt pxecaw, the rate at which btfart i* txansnritted 

into the oil shale deposit is strongly affected by the ttroporaturc 
gradient betwsen a heat-jjrjecting well and the surrounding earth 
±oorvitioCT. In a preferred prooeefcira, tha datfirminaticaatt of 
variations vrith dtapth in tha coapooitiaix and propertfes of the oil 

23 fthala deponit include a dotonnination of the pattern of heat 

conductivity with depth within the earth tarnations adjacent to the 
heat-injecting well. 8*3*4 Oil such (teteminatiana ths tewperatures 
to which At laafit era haat-injectirg well is heatad am arranged to 
ba relatively high ax the depth* at which, the heat oorctactivitiea 

30 of tha adjacent eaxth formation* arc rolatiwaly law* Thia tends to 
caus* tho rata at which n©at is transmitted thr o ug h tha earth 
forrnatirma to be sUMttaDtially tmifoxn along tho axis of tha 
haat-iTr)ecting well. Known procedurea. can be utilized in order to 
previa* higher bempemtare* in partion* Of heart irjj<vrting wells 

JS adj/tcfjnt to mirth fonmtions of relatively low heat ermijetivity. 
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For sample, in *ells vhich are boing heated by electrical 
r6&iBtann«s r additional resistant eleneAta can be positioned at 
the location at flhieh extra heating is required, preferably with 
precaution* being taken to avoid the creation of "run-away hot- 
spots" due to increasing taitperature further increasing the 
resistance and thus further increasing the tie at J 119, for axampu^ 
as described in the commonly assigned! Canadian yat^nt application, 
Serial Mo. 495 f 85ft filed November 21, 19a5, by P. VanMeuxs and 
C.F. Van Hgmond. in well* bain? heated by combustion, nore, or 
larger, or mort heavily fired, hurtier eleaonts can be positioned 
in {Mich locations.. 

Suitable determinations of composition* and properties 
of the minora!* and/ or organic components of an oil shale deposit 
and the variations with depth in such properties dan be wade by 
meana of known well logging, reservoir sampling, ahd the liX* 
analytical procedures. The determination* can utilize pravioualy 
measured geophysical or gaoohemical data or laboratory or core 
analyses, etc, fox exa&ple, the variations with depth in the beat 
conductivity of the adjacent Cor»atioti« can be determined by 
calculations based on the kind* and amount f of materials pre Boat r 
and; or by thermal conductivity losing meaaurenents , ato. US 
Patent Ho, 3,507,227 describe* a logging tool containing a 
constant output heat source, and three teaperature sensors for 
obtaining a log of relative thermal conductivity with depth, US 
Patent ffo. 3,892,12* describes lodging cased or open borahola* for 
temperature, apaoitic- heat and theraal conductivity, employing a 
constant output heat source and three temperature sensors. us 
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Patent Do. 3 r fl64,96& de«crib«s a logger for making station 
meaeyrft»ent« otf thermal conductivity by heating a formation for «t 
tim* tJiaD waasuring tba rate at, which tti« temparatura dacaya back 
to tha arabtanX taaj>aratura . U8 Pntftfit Ho. 3,9dl,lft? describe* 
lagging tbar»al conductivity of a cased ir«ll by measuring tba 
t&mp*ratur« of the casing vail before and aftar passing a ha&tad 
proba along tt\a wall. 

Aa indloat** ftbova, oven with fefipact to & fiva-apot 
pattern in vbich a aingaa fluid- producing wall Xa KUrroundad by 
ioux hean-injeciing valiv, substantially all d£ tba intervanibg 
oil 
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shale can h2 both retorted ouui nod« r;»rinaabl8. However, t.ha present 
invention is preferably cnplaycd in a Kuiiutt or ccxttigrcns seven- 
or thirtecn-spot patterns — in eithar of which pattarna 
(particularly jln th* thinesrv-spot pattern) the retort log rntH ia 

5 significantly incrwafiBd by having eacu t iuid^rcrfucing well 
surrounded by Six or twelve heat,- injecting- vreHs. 

'ihe wells used in the prGwart, procst* ean ha ocxrplHtart by 
emtsfltaotially any matnnd for ciriMtag a borehole into tnA/or 
opening j psr«-«ci«ting botetrtto into fluid oamvnication with the 

10 s-vtoterranean oil shalii lorittition to be at fed as an oil Frtiala 

treatment interval, rn addition to Mvijjg the sp»oifiad absnrxw of' 
significant amount* nf imbile wwtar, tfdckttese, and grade o£ oil 
KhHet f the interval to which the present process is applied should 
be capable of confining fluid art least substantially within the 

13 treatment interval/ at least in respect to Allowing no aignificajit 
leakage into overlying Locations when the prasfiurti of tha fluid 
reaches prxrcpc pteseure, and fx actures the fonratian within the 
treatment interval. The boineholBH of welln completed for in cl^e 
prc&ont prooasg should bo substantially pcarallal and separated by 

20 sabRtantiaJly equal distances of at least about 6 to. BareJioJLe, 

sapoxatiun difitanoatt b2t>.««Ji injectors and producers of frai about 
9 to 30 m are particularly suitable. Borehates free* of deviatiosta 
from parallel which causa variations of more than about 20 per cent: 
of tho w?ll distances ar» particularly suitable. 

25 xr» the heafc-tojeefcang wlls uwd in the pwwit process, the 

cenent or oaiaant-llto notorial which is unod to asal along tim faca 
of th« oil 9b* 1* fjorrotticn is preferably relatively heat-ccodoctive 
and aubstantially fluid-inparmeablR, Particularly preferred cements 
r ^ra &ttthlit iit tacqpftratttres of at Laaflt about 300 *C, havft a 

- 50 relatively high thrsmwl conductivities, relatively low pertraobility, 
littio or no chrii*age, an adequate ease of punpobility and good 
critical resistance/ etc. The perrcabiUty and disposition of the 
3ealing material should provic^s a eeal capable of preventing any 
nignirlcaiTt amount of fluid flew between the .interior of the 

J5 tcnre*X>1o and tba faca of the oil Rhala fornntion, ao that the 
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ruransferr of heat frccn tJ^ Wall to the formation is siibfltHnrially 
ttnti.L-e.ly hy conduction. Where portions of tfca hiaat-uvjactinq wall 
borebola are affective J y increased in diameter ncnr upper and lcwei 
cxtrcTxitifc?^ of tiiu trartriKnt interval, for example, J>y under- 

5 reeling, the diattitara of tha increaaBd port} an* ar* preferably at 
least about 110% of Lbc rjotninal fcorehnlH diameter* Calcim 
aiLnrirate-bonded ooucretes and/or cements obtaining uluroira- 
siliuiite aggregates (or fine particles) are particularly iMifcablo 
Cor use as such fornsition frice-iaialing material Iixarqples of 

10 suitable cedents And oancttetefi iiidoriii thofia described in ITS 
patents such as 3,37» r 252; 3,507,332 and 3,595,642. 

Figure a shows a portion of a hcat-irrjoetiJtg wcdl lxirfchole, 
borcbola i f which ia auitaW** far use in the present invention and 
ig located within a truatemarit interval of 3ubterxane*n oil stale 

] 5 <3epo?ri.t. ftcaeholc 1 ocnt&ina wnlargvd portion* , such as portion* 2 
and 3, whit* can be fonrod by conventional procedures such ad 
untori\Daoir>g during drilling, etc. A casing 4 is shewn positioned 
within the boroholft and Deorentad into plaoa with a fluid- 
impermeable > JvMfc-ccoduCtiva warttorial, euch aa aawsnt* 

20 Within each enlarged borehole portion, tho casing 4 is 

equipped with at least on« b»»t-CCTvtactive metal elenent, socb as 
collar 6, oontailiLng radially extensive alenfejitsi nr portion, such 
as flexible Tretal raartoera 7. Bach bcat-conduotivo iratcrdala form 
relatively highly oonductive patha finr conduct ing heat frao within 

25 the interior of a bore hoi* to subytarrtially the wail of an eriiarged 
portion of the borehole, EXaKpIas of suitable teat-oondiiotive jw-tal 
ftlerant© includa cnstal wall acratchexa, turboleinaa 3xt$OCXX3. r 
central Lzers and tns lite such as a Haromor-Lok l^rfceborrdftr, or 
BoltLok TXirbobondter, avail^fcile free* Bakerlirue division of Bake* Oil 

JO spools or a 101 Bar 3 ocrrtrali^ur available f ran Antalogw Oil Tool 
aiv* MaroifActuring Company, etc. 

With an *mu*jmm*t of the type shew* in Kigoxe 9» at least to 
zrjfta Actiust, th» frcnt of baat tr«rwitt»d away fron a heat- 
injecting wall am bs modi ion uniform along a vertical lir» 

j5 traversing a lay«r of ralatlvftly low hotxt oondoctivity without tba 
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necMfliLy of maintaining & highur tenperature in rjift portion of the 
well adjacent, to that layer. Mha« a uniioan tMspwratura ih 
lnaintainctd wStMn tto interior of the borehola, the earth throat ion 
face alotrj i>uch an anlarg»d portico^ of tll» borehole bcocufcuf heated 
5 to substantially tlie same t«ipiiratirrQ as th* foM&aOoa face aIoctej 
narrower portions of tha bowiholA, Sine* tVtw face of the formation 
adjoining the borehole ia haatod to thu highefjt tempera tare of any 
portion in tha farnat.j^i, Ui- tropcxaturc gradient extending 
radially away iron thu enlarged portion o£ the barO-hol« ia ahiftad 

JO radially away from tte borehyJ**., 

Tn general, the heating of tbn intaarior of tha heat-in j«cting 
well can ba aoocwpliahed by substantially any typ» of h-artir^ 
device, such as ccaixj*ticn arrf/or electrical type of hcatiny 
oLements* or thct lito. Th* bwrting element should extend 

^ substantially thro\ighDUt tbii treotn«nt interval (preferably 

t)uxKjghout at ]tv*at about (JO per CCDt of tliot interval) . ttawi a 
caticustion, typ* hunting element is used, a gas- fired heater ia 
preferred. Tha ftol and ojridarto fijr. a COTtwation heater (such a» 
mathaiw and aryqsi\) aro praiarafoly supplied trough separate 

lb conduiba laadirv? through a heat exchanger in \*hich. tht> inmirrina 

fluids ara boated by tha outflowing ccwtaostioa products. Tfco burner 
i lousing and £luid conduits of a cxwbuBtlon heata* are preferably 
installed v/ithin a wall conduit v*iich ia surrounded toy an annular 
apace that ia filled by the cement Cor scaling the face of the oil 

23 shalo. Generally suitable typo* of ccrefcwsjtion heafcers vtfiicft could 
bo arranged for use in the present process are described in US 
Patents such em 2,670,B02j 2,780,450 and 2,902,270., 

An electrical resistance hoettcar la particularly suitable for 
hsating tha intwru.Tr of a haat-injecting veil in the present 

3D process. A plurality of rc&lstanoc clssaaots ara preferably mrf. 
Tha rwiiatanc* aJmanfc* can be mounted witnin or cattmwl to an 
internal conduit or cod, or suaply extended into the boroholc tfhan 
tbo rttuiiitanc** ar* HKbtrntil to, or are frwi of a supporting 
elffittntf *ucb as a cenduit or rod f tbay *xm prKfarably embedded in 

J 5 the coccnt which seals the faoa of tha oil tihai* along tha 
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trcatnfcat interval* Generally suitable types of electrical ht^tmti 
which could b« arranged for usm ?n the present proceed are 
daooribed m PatoitS such ii» 2,*72,445f 2,4B4 r 063 f 2,670,802? 
2,732,195 and 2,954,826. 

5 in var-3.cw> reservoir situation*, portions of an trLL nhalu 

dc^Otut which would f in general* he suttdblc for u^fr a treatment 
interval, cbix^ribwl in cm- parent appUcaticu, may be j»rn»ntHd 
by nauural fractures exui/os: pianas of weakness. Ouch relatively 
voeaX roc*3 may n£exgD relatively long extensions of vertical 

IQ fracturea whan pressurized fluixfc) being diaplaoaJ awiay fitxa an 

injection wall nova into tinea, This twey result in extending fluid 
pa<?<ttgewHy3 Jxycnd t)u> opening* into production QrxVor into 

adjacent aq\iifrrr?i enable of causing an inflow of ocut»r to 
extiait datrijcantal to the oil recovery process. 

15 W£ linwa iuw ciiwutTvened that such prroature fracture «k tensions 

avoided by drilling and huatin^ •guard walla* within auch 
xwXatively weak oil sJialo zones in locations surrounding a pattern 
of Iteat injecting and fluid producing veils and/or in Locations 
iiYtcnnitteaat batwaro a heat injecting or fluid producing wedl aid 

21} on ad^acant aguifiar. Such guard mkIIji «re uwd for condsjctively 
heating Ut» adjoinijnq formtlotta substantially tfrireq^hgiit the. ail 
R}ia.ie interval bo be treated bo a bcaepexetture vbich ie too let* to 
gasify significant propartirm of the oil shale organic ccoponents 
but is high enough to oaus* a ^gnificarrt thermal Rxpaneian of thp 

25 xocJcb* tifhim tho#t^ jrocldi *wdb Jmsattisd this msttux6tl fr^sctur<3sft gjck* kispt 
closed and the fracturing caused by the approaching pressurized 
fluid? (displaced away from ]v«\t-iri^ccting walls) tends to 
limited to horizontal fracture* cancantrated along tha side* nwreat 
to the b©at.~iirii»cfcvng v»Us. vtocro fluid producing walla ore 

30 located tobidamtially between the baat-xirl«cting wells and the 

guard wells, the Jxaotures arc nr*£i*rantiAUy extended Into tfacae 
wells, wtero the high fluid pcosewes aro quickly reduced by tha 
production of the inflowing fluid. 

The «*xamt«ring of such relatively weak rwerroir rocks is 

35 apt to be irdicatfld by on inflow of water into *a»2 Lb driJ lad into 
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such rocks, m gssttral, the natural fractnrem cruiit.inq o relative 
wwiwvj and/or watar inHow con be thermal ly cIcglhS by a 
relatively mid bsating, an Ung F»fl tho fXftCtUCC porosity if? rot 
mc/fc than afcojt 5 par cwtt* 
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CUIUS 

L. In a prooQsc in which oil is produced fma a sohterrancjan oil 
.ihai* ampc&li ty extending ttt iuaat ana eiich of haat-iiijeetiittj and 
f luidr-praiucin9 into the de-posit f fcfitablishirxj a h«irt> 

ooraluctiv* fluidhinyesrcjrablp barrier bstwaen the interior of each 

heat-in^CCting wall and tha odjaeanrt deposit, and then bating 
intscior ot each heat-injecting w«ll at a te*peratur* sufficient: to 
aciridiictiuely heat oil shale terogsn and ofiua© pyrolysis product* to 
fam tacturtaa within th* oil stale deposit through which the 
pymly^ia products 0X0 displaced into at least ma production well, 
an improvement for entering- ti» uniforniity of tha liaat fronts 
moving through the oil shale deposit, which omprlscfii 

dattorrirring variation* vitJi deptfr in tha ccppoflitSou and 
properties Of tha oil Bhala depoait; 
completing said haat-Lrijwctirig and £ltrix*-pro3otring wail* 
selectively into a troatmojit interval of oil aha!* in which 
tha oil shale cteposit la) ia at least about 30 m thick, {b) is 
substantially djoparmaabla and "free of nobile vater , (c> has a 
occvoaXtion and thidov»*fi ouch tfant the producrt of the average 
PiHchar Away graSa tinwa tJia thickness of tha treatment 
interval ia at ieaat about 9<I<J, and (d) tbsretoy containa 
ocraponents capable of interacting in a inarm or enhancing tha 
uniformity of a front of oarducttvoly tranralttod hoat, with 
said Wtslla b*ing arrangai an that, at leant substantially 
chrcn^h-iiit ftaid treatment interval, the wall borehole* arc 
substantially ^rallol and aapartrtad by substantially 
equal dd-jtanceB of at least about 6 m; and 
within tha interior of Rarfi heat-injecting Mall naintaining an 
avermgii hmrparnture- Khicdi, selectively along Raid txsatnEsnt 
interval, is at loact about €00 *C, but ifi not high aooosh to 
thermally dange fqrrlpnritt within the well, whila heat ia 
beirg transmitted avwy frca the well at a rate not slgni- 
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I leant ly fastor than that psmdtt«i by tha thanral nan- 
due tivi ties of the earth lilLTUutiurii adjat«nt to tha hnatmi 
interval within tha we VI. 

2. Th£ pirD«iJiis of claim 3 in which, to the extent nequired to 
kaop tlto rata at wlrich lieat is transmittal thrcpgh th© Oil Shale 
dflpoait substantially uatlocu along thu axes ax thai heated interval 
of the heat-injecting w&H, the i^aperaturu at which at 

leavt cue hent-injocting well is heated io relatively higher at 
depth* adj scant to partita of Lhf oil shale deposit in vihich the 
host conductivities ara relatively louar, 

3. The pcccctss of elaiift 1 in which tha rata of haatiuij tha 
intariar of at leapt ova heat- injecting wall La varied to an extent 
causing an effective levelling off of Che Chennal front 90 Khat tfvs 
rata of advance through the oil sh*l# of tha thuncrwl trout i » 
continued at substantially tha suna rate while the zrats of htcr^asfc 
of th* tflBp)fr«tut» within tha borehole is sicpifiewntly xo3cx»d- 

4. Tha pcojtn odf claim 1 in which the. h as t-i» jesting and 
fluid-oroducing wellfl ara arran^ad in a sarifia of contiguous 
patterns in which aach fluid-producing wall is aurrojodad by at 
leest four hea^iarjeefcing well*. 

3* Tha prccasa of claim 4 io wfcU* ea<* fluid-psodacing v»U is 
sttrcoundad by tx*lvw lieafc-injGLrtixig well** 

6. T"he prooese of claim I in v.folch tha oil thalc orado is at 
least about 20 gallons per ton awl the grader- thictaew product is 
at least about 

7. She process of claii* L r ccwpriijiijg the frbof* of 

- in ©ach heart-injecting welj f ^totantiaJUy ttaxagtoat the 
trwtcent interval, aoaling the faoo of the oil shala formation 
with a solid xnatsxisl vtxidH is ralativsdy heat-copductiva and 
substantially fluid Iffpamaablw 

In at least one* heat^injectirjg veil increasing tha effective 
dijw»t*r of the bocehola in at least cue paction of the treatment 
inbsrval and «JrbaodiDg at least one hoai^aordoctivQ rtrtal alatnacrt 

Seen within tha Irrtarirrr of the fccrahola to near the face of tha 
oo-cnlaxged portico of the borehole? and 

in oaoh ILuid-pxoducing well, taflr>afcantially throughout th* 
treatnent interval, ectabliatung fluid cowwicatkn batmen the 
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VieVl bore ar/J the oil shale formation and arranging lha well for 
prcducnnq f JnixJ fro* the oil shaia formation. 

B > The proceai of clais* 7 in which th« iratoaciol sealing tlw f aoa 
Of ther oil shttla forrnoticti along th» txsraholo of a l»at-iTi;«otlixj 
5 well La a cedent arranged to fill substantially all of the space 
betw?f?« the automat js&tailicr t»let«mt* vdtiliu tho interior of tho 
horeh^e and tlw faoj of tl* oil shale frnrotion, wlcix said oen^t 
having a thmrjnal cxniducrtivity at 3wiBrt substantially M higb a* 
that of ttao oil tibaltt farrtfctioa. 

(0 9. 'Che prcccaa of claim L In which At le*at ore well locate near 
aq «dg« of a pattern oi tot- Injecting fluid-pro^iei.aa veils is 
axteri3s*3 sabutantially tiirouightHt thB txaatnant interval rod fiBartadi 
at a txarperaturs* high unjcgh to cou*« a tbnnml expuKHivg ajtd/or 
conprcsoivc stressing of the- adjaowtt earth formation* but Ion 

15 ercwgh to avoid aignificmt then»l wcfoiliTatioa of or^inic 
occponenta of thii oil afoalu. 

L0 . The process of claim 9 in which at least ona so heated well is 
subsequently heated at about tha -bcoporature selected for the 
Jieatjng of the haat-injecting wells being employed. 
20 11* ISi* process of claim 1 in which tbw wall *ra»h-il«g of' mid 
haat-irvja^tioti and fluid producing wylls &ra separated by 
substantially equal distances of about * to 30 m. 
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ABSTRACT 

HEWTO43 h SOBframANBUl CflX* TO 
PEBMBAHnjmC AND fiJP«a)Rffi!y WTOCB OIL 

shile oil is subsequently produced frcw a a^btorranoan 
interval of all dials, whore tlte interval is initially 
substantially ii^wroabla and eontad-n* a specified grade and. 
thickness of oil shala. Said interval la oanducttweXy heatad tvaa 
bambola irrfccriora which oxo kapt hotter than about <500 a C and are 
bcatod at a rate such that kerogsrx pyrolysis prcdccts f corned w.thin 
tb& cdl gfcvd* craate £lcw thnxtgh horizontal fractures which 
aubefiq^iently beocsoo totanddd into fliiid*-pro<lK7irig rolls that axe 
positioned in opacified locations 



